■  ^  National  Mfansa 
It  Dafanea  national# 

AD-A278  229 

1111 


DT1C 

I  ELECTE 
.  APR191994 


UNCLASSIFIED 


D 


UNLIMITED 

DISTRIBUTION 


SUFFIELD  MEMORANDUM 


NO.  1390 


STAPHYLOCOCCAL  ENTEROTOXIN: 

ROLE  OF  INTESTINAL  IMMUNITY  IN  ENTEROTOXIN  B 

INTOXICATION  (U) 


A.R.  Bhatti 


*V.V.  Micussan 


pmsuficN.  'hXj gjggijL  . 

Approved  ten  puouc  teieosof 

Dtanxitviucr. 


94-11701 


February  1994 


*  Contractor 

Institute  Amtand  Frappkr 


>i! ii«u  uJiED  3 


DEFENCE  RESEARCH  ESTABLISHMENT  SUFFIELD,  RALSTON,  ALBERTA 


Canada 


WARNING 

of  this  Information  is  psrmitttd  subject  to 
sitton  of  proprietary  and  patent  rights'. 


94  4  18  124 


UNCLASSIFIED 


DEFENCE  RESEARCH  ESTABLISHMENT  SUFFIELD 
RALSTON,  ALBERTA 


SUFFIELD  MEMORANDUM  NO.  1390 


STAPHYLOCOCCAL  ENTEROTOXIN: 

ROLE  OF  INTESTINAL  IMMUNITY  IN  ENTEROTOXIN  B  INTOXICATION 


by 


A.R.  Bhatti  and  V.V.  Micusan* 
Defence  Research  Establishment  Suffield 
Ralston,  Alberta  TOJ  2N0 
and 

Institute  Armand  Frappier, 

Ville  de  Laval,  Quebec,  Canada 


I 


Accesion  For 


NTIS  CRA&I 
DTIC  TAB 

Unannounced 

Justification 


□ 

a 


!  8y _ 

j  Distribution/ 


Availability  Codes 


1  ~ 
i  Dist 

!  j 

!  Avail  Lind /or 

Special 

H7V  1B7 


DXIG  QX/ALii  i  nJCPLT. 


*  Contractor 


WARNING 

The  use  of  this  information  is  permitted  subject  to 
recognition  of  proprietary  and  patent  rights*. 


SM  1390 


UNCLASSIFIED 


ABSTRACT 


We  have  chosen  the  mouse  as  the  experimental  model  to  investigate  the  role  of 
intestinal  immunity  in  staphylococcal  enterotoxins  intoxication.  Although  resistent  to 
enterotoxins,  the  mouse  has  a  certain  advantage  over  other  models  by  not  having  an  emetic 
mechanism,  so  no  loss  in  peroral  administered  enterotoxin  takes  place.  Parenteral 
administration  of  enterotoxins  was  observed  to  induce  a  high  titer  of  specific  antibodies  in 
serum,  mainly  of  IgG  and  IgG2a  subclasses.  Peroral  administration  of  enterotoxin  elicited 
a  good  response  at  the  intestinal  level  as  showed  by  specific  anti-enterotoxin  antibodies  in 
the  supernatants  of  "in  vitro"  cultured  intestinal  fragments  and  the  synthesized 
immunoglobulin  was  IgA.  When  different  routes,  either  single  or  in  combinations,  were 
studied,  it  was  observed  that  a  parenteral  followed  by  peroral  administration  of  enterotoxin 
induced  the  higher  intestinal  immune  response.  Secretion  of  specific  anti-enterotoxin 
antibodies  by  the  intestinal  immune  system  also  persisted  longer  than  antibodies  in  serum 
of  perorally  immunized  animals. 


RfeSUMfe 

Nous  avons  choisi  la  souris  comme  module  experimental  pour  l’etude  du  rdle  *le 
Timmunite  intestinale  dans  les  intoxications  dues  aux  endotoxines  staphylococciques.  Bien 
que  r£sistante  aux  endotoxines,  la  souris  comporte  un  avantage  par  rapport  aux  autres 
modules  du  fait  qu’elle  ne  poss£de  pas  de  m6chanisme  h£metique,  de  sorte  qu’il  n’y  a  pas 
de  perte  d’enterotoxine  administr6e  par  voie  orale.  On  a  constate  que  Padministration 
parenterale  d’enterotoxines  provoquait  un  titre  plus  eieve  d’anticorps  specifiques  dans  le 
serum,  surtout  des  sous-classes  IgG  et  IgG2a.  L’administration  orale  d’enterotoxine  a 
provoque  une  bonne  reaction  au  niveau  intestinal  comme  en  temoigne  la  presence 
d’anticorps  anti-enterotoxine  specifiques  dans  les  surnageants  de  fragments  intestinaux 
cultiv6s  in  vitro ;  l’immunoglobuline  synthetisee  etait  une  IgA.  Lorsqu’on  a  6tudie  des  voies 
d’administration  differentes,  seules  ou  en  combinaison,  on  a  constate  que  Padministration 
parenterale  d’enterotoxine  suivie  d’une  administration  orale  provoquaient  la  plus  forte 
reponse  immunitaire  intestinale.  La  secretion  d’anticorps  anti-enterotoxine  specifiques  par 
le  systeme  immunitaire  de  l’intestin  a  egalement  persiste  plus  longtemps  que  celle  des 
anticorps  seriques  chez  les  animaux  immunises  par  voie  orale. 


INTRODUCTION 


Staphylococcus  aureus  food  poisoning  is  one  of  the  most  common  of  the 
reported  cases  of  foodborne  illnesses.  It  is  caused  by  a  closely  related  group  of 
enterotoxins,  which  are  water  soluble  proteins  and  are  released  into  the  medium 
during  growth  by  certain  strains  of  the  gram-positive  bacterium  Staphylococcus  aureus. 
These  toxins  are  of  small  molecular  weight  (26-28  KD),  single,  unbranched 
polypeptide  chains  and  have  been  differentiated  by  their  immunological  specificity 
into  seven  distinct  types  designated  as  staphylococcal  enterotoxin  (SE),  SEA,  SEB, 
(Casman,  Bergdoll  and  Robinson,  1963),  SEC,  (Borja  and  Bergdoll,  1967)  SEQ 
(Avena  and  Bergdoll,  1967)  SEQ  (Reiser,  Robbins,  Noleto,  Khoe  and  Bergdoll, 
1984)  SED  (Casman,  Bennett,  Dorsey  and  Issa,  1967)  and  SEE  (Bergdoll,  Boija, 
Robbins  and  Weiss,  1971). 

The  biological  effects  of  a  SEs  intoxication  are  seen  in  a  limited  number 
of  species.  Humans  and  primates  present  similar  symptoms  i.e.  vomiting  and 
diarrhea,  and  in  severe  cases,  death.  Cats  (Bayliss,  1940)  and  dogs  (Kocandrle, 
Houttiun  and  Prohaska,  1966)  display  emetic  responses  to  SE  only  after  intravenous 
administration.  Weanling  pigs  can  elicit  an  emetic  response  following  per-oral  or 
intraduodenal  administration  of  SEA  (Taylor,  Schlunz,  Beery,  Cliver  and  Bergdoll, 
1962).  Rabbits  can  develop  shock  symptoms  after  repeated  in  ravenous, 
intramusculary  or  intradermal  injection  of  SEs  but  never  an  emetic  response. 
Rodents  (mice,  rats  and  guinea-pigs)  are  resistant  to  relatively  high  doses  of  SEs 
independent  of  the  administration  route  and  are  devoid  of  emetic  mechanisms 
(Beery,  Taylor,  Schlunz,  Freed  and  Bergdoll,  1984).  The  absence  of  vomiting 
reactions  induced  by  SEs  in  rodents  might  be  an  advantage  for  the  study  of  intestinal 
immunity  since  no  administered  SEs  are  lost  by  vomiting.  We  therefore,  chose  mice 
as  a  model  for  the  study  of  intestinal  immunity  to  SEB. 
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Diverse  environmental  immunogens  of  microbial  and  food  origin 
constantly  stimulate  the  entire  immune  system.  The  SEs  belong  to  the  environmental 
immunogens  because  5.  aureus,  secreting  different  SEs,  are  frequently  present  on 
human  or  animal  skin,  wounds  or  food.  The  SEs  are  strong  immunogens  and  their 
constant  presence  will,  in  normal  subjects,  continuously  induce  a  high  amount  of  anti- 
SE  antibodies  in  the  serum  of  normal  subjects  (Notermans,  Van  Leeuwen,  Duffrenne 
and  Tips,  1983).  Mucosal  membranes,  which  represent  a  vast  area  of  contact  with 
the  environment,  are  exposed  daily  to  these  immunogens  which  may  induce  specific 
humoral  as  well  as  cell-mediated  immune  responses.  The  common  route  of  human 
or  animal  exposure  to  SE  has  been  through  ingestion  of  preformed  SEs  in 
contaminated  food.  No  attempt  has  ever  been  made  to  study  the  intestinal  immune 
response  to  SEs.  In  this  communication  we  describe  the  possible  role  of  the  intestine 
on  the  development  of  immunity  to  SEB. 
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MATERIALS  AND  METHODS 

Animals 

Inbred  C57B1/6  mice  of  both  sexes  (Charles  River,  St.  Constant,  Que) 
6-8  weeks  of  age  at  the  onset  of  immunization  were  used.  Mice  were  maintained  on 
water  and  laboratory  chow  ad  libitum  and  handled  according  to  Canadian  Council 
on  Animal  Care  regulations. 

Reagents 


SEB  was  obtained  from  Toxin  Technology  Inc.,  (Madison,  Wisconsin). 

The  toxin  was  quantitated  based  on  its  extinction  coefficient  of  =  14.4  at  277 

nm.  All  other  chemical  reagents  used  were  of  an  alytical  grade  and  purchased  from 
Fisher  Scientific  (Montreal,  Que.). 

Immunization  Procedures 

Before  forming  the  experimental  groups,  mice  were  tested  for  the 
presence  of  naturally  occurring  anti-SEB  antibodies  in  their  serum.  About  20-28% 
of  the  total  screened  mice  population  had  an  acceptable  low  titer  (less  than  1/50)  to 
be  included  into  experiment.  From  these  animals,  groups  of  6-10  mice  were  selected 
and  submitted  to  parenteral  (intraperitoneally,  subcutaneously),  or  peroral 
immunization.  Intraparental  injections  contained  10  /xg  of  SEB/animal  at  day  0  and 
20  jxg  SEB/animal  14  days  later.  The  first  injection  was  given  with  Freund  complete 
adjuvant  and  the  second  with  Freund  incomplete  adjuvant  (Difco,  Canlab  Montreal, 
Que.).  Peroral  immunized  animals  received,  via  a  feeding  needle,  the  same  amount 
of  enterotoxins  in  phosphate-buffered  saline  (PBS)  -  0.1M  sodium  bicarbonate 
solution  in  order  to  neutralize  the  acid  gastric  medium.  Intraparental  control  groups 
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had  the  SEB  replaced  by  an  equivalent  amount  of  BSA  and  peroral  control  groups 
were  given  BSA  in  PBS-bicarbonate  solution. 

Periodically,  sera  were  obtained  by  bleeding  the  animal  tails.  All  the 
obtained  sera  were  kept  frozen  at  -20°C  until  tested  for  the  presence  of  anti-SEB 
specific  antibodies. 

Intestinal  Antibody  Synthesis 

Local  antibody  synthesis  by  the  intestine  was  investigated  by  culturing 
intestinal  tissue  fragments  to  produce  antibody  in  vitro.  The  culture  of  intestinal 
fragments  was  done  according  to  the  method  of  Svennerholm,  Lange  and  Holmgren 
(1978)  with  minor  modifications.  One  month  after  the  last  peroral  SEB 
administration  the  food  was  removed  and  24  h  later  the  mice  were  killed  with  carbon 
dioxide  and  the  small  intestine  immediately  excised.  The  intestine  was  minced  and 
washed  with  PBS  followed  by  washing  with  MEM-Eagle  culture  medium  containing 
5%  heat  inactivated  normal  rabbit  serum  and  200  IU  of  penicillin-streptomycin  per 
mL.  Inhibition  of  proteases  activity  in  intestinal  fragment  cultures  was  done  by 
adding  0.1  mg/mL  soybean  trypsin  inhibitor  (Sigma  Chemical  Co.,  St.  Louis,  MO) 
in  50  mM  EDTA  and  50  /*g/mL  of  phenylmethylsulfonyl  fluoride  (Boehringer 
Mannheim,  Montreal,  Que.).  Intestinal  fragments  were  cultured  in  tubes  for  24  h  at 
37°C  in  a  humid  C02  incubator.  To  assure  comparability  between  different  samples, 
2  mL  of  culture  medium  was  added  for  each  gram  of  intestinal  fragments.  At  the 
end  of  the  culture  period  the  tubes  were  centrifuged  and  the  supernatants  kept  for 
anti-enterotoxin  antibody  determination.  The  measurement  of  the  newly  formed 
anti-enterotoxin  antibodies  was  carried  out  by  ELISA. 
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Determination  of  Immunoglobulin  Types  and  Measurement  of  Specific  Antibody 
Responses 


Quantitative  determination  of  immunoglobulin  types  present  in  sera  of 
immunized  animals  was  possible  only  in  samples  from  parenteral  immunized  mice 
since  the  quantity  of  antibodies  present  in  sera  of  peroral  immunized  animals  were 
found  to  be  too  low  to  be  accurately  measured  by  the  radial  immunodiffusion 
method.  The  quantitative  radial  immunodiffusion  (Mancini,  Carbonara  and 
Heremans  1965)  was  done  using  commercially  available  plates  for  mouse  IgG  total, 
IgG  subclasses,  IgA  and  IgM  immunoglobulins  (Milles  Scientific,  Rexdale,  Ont.) 
according  to  the  manufacturer’s  instructions.  All  other  immunoglobulin  types  and 
specific  anti-enterotoxin  induced  antibodies  were  determined  according  to  one  of  the 
following  two  arrangements: 

a.  Isotypes  of  immunoglobulins  in  sera  of  peroral  immunized  mice  were 
determined  by  capture  type  ELISA  (Tijssen,  1985).  Briefly, 
Immulon  1  microplates  (Fisher  Scientific,  Montreal,  Que.)  were  first 
coated  with  rabbit  anti-mouse  IgG  (reacting  with  all  Ig  classes) 
(Cedarlane,  Hornby,  Ont.)  at  a  previous  established  concentration. 
Plates  were  then  incubated  at  4°C  overnight,  washed  with  PBS 
containing  0.05%  v/v  Tween  20  (PBS-T)  and  saturated  with  2% 
BSA.  After  washing,  serially  diluted  samples  were  incub.  ted  for  2 
h  at  37°C,  washed  and  incubated  again  with  specific  rabbit  or  sheep 
anti-mouse  Ig  classes  antisera  conjugated  with  horseradish  peroxidase 
(HRP)  (Cappel,  Organon  Teknika,  Scarborough,  Ont.).  The 
enzymatic  reactions  were  developed  with  ABTS  substrate  (Cappel, 
Organon  Teknika,  Scarborough,  Ont.)  and  the  colour  read  at  405  nm 
with  an  ELISA  microplate  reader  (EL309,  Biotek  Instruments, 
Burlington,  VT).  All  samples  were  determined  in  triplicate  and 
control  values  were  subtracted;  or 
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b.  Specific  anti-SEB  immunoglobulins  were  determined  essentially  as 
above,  except  that  SEB  was  first  coated  on  Immulon  2  microplates 
(Fisher  Scientific,  Montreal,  Que.). 

Statistical  Analysis 

The  Students  t  test  for  statistically  significant  difference  (P)  for  two 
independent  means  i.e.  values  for  immunized  and  control  animals  were  used. 

RESULTS 

Type  and  Quantitation  of  Immunoglobulins  in  Sera  of  Mice  Parenterally  Immunized 
with  SEB 


A  group  of  sue  mice  were  in  munized  with  two  doses  of  SEB  (10  ng  and 
20  /xg/animal)  and  individual  serum  was  quantified  for  immunoglobulin  classes  and 
subclasses  by  the  radial  immunodiffusion  technique.  Compared  to  control  animals, 
our  results  showed  an  increase  in  the  class  of  IgG,  mainly  in  the  IgG,  and  IgG^ 
subclasses.  Small  increases  noted  in  immunoglobulin  IgM  and  IgA  classes  were  not 
significant.  Although  this  method  did  not  quantitate  specific  antibodies  to  SEB,  the 
overall  increases  of  IgG  class  can  only  be  attributed  to  an  immunological  response 
to  injected  enterotoxins  (Table  1). 

Immunoglobulin  Types  in  Sera  of  Peroral  Immunized  Mice  with  SEB 

Immunoglobulin  types,  found  in  the  sera  of  mice  following  peroral 
administration  of  SEB  were  identified  by  capture  ELISA.  The  results  presented  in 
Table  2  show  that  a  limited  rise  in  immunoglobulins  of  serum  was  observed  in 
peroral  immunized  mice  and  that  the  only  significant  increase  were  the 
immunoglobulins  of  IgG  type. 
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Specific  AntLSEB  Immunoglobulin  Synthesis  by  Intestinal  Fragments  from  Parental 
and  Peroral  Immunized  Mice 

In  these  experiments  we  studied  the  specific  immune  response  at  the 
intestinal  level  for  two  routes  of  SE  administration:  parental  (intraperitoneally)  and 
peroral.  Supernatants,  from  intestinal  fragment  cultures  from  intraperitoneally 
immunized  mice  were  reacted  on  microplates  coated  with  SEB  and  the  isotype 
determined  with  class-specific  anti-mouse  antisera  conjugated  with  HRP.  Groups  of 
10  mice  were  used  for  this  experiment.  Results  presented  in  Table  3  show  that  a 
small  ■  n-significant  increase  was  observed  in  the  specific  anti-SEB  response  for 
classes  IgG  and  IgM.  However,  a  significant  increase  at  P-<0.01  was  observed  for 
specific  IgA  anti-SEB  antibodies.  This  showed  that  the  parental  route  affected  the 
local  immune  response  by  stimulating  IgA  producing  cells  to  secrete  specific 
antibodies. 


In  contrast  with  the  above  results,  intestinal  fragment  cultures  from 
peroral  immunized  mice  contained  specific  anti-SEB  antibodies  in  higher  titer  (Table 
4).  These  results  showed  an  active  immunoglobulin  synthesis  at  the  intestinal  level 
following  peroral  immunization.  As  common  for  mucosal  secretions  the  main 
immunoglobulin  synthesized  was  IgA.  In  another  set  of  experiments  we  found  that 
peroral  administration  of  SEB  induced  a  prolonged  intestinal  response  to  SEB  as 
compared  to  the  presence  of  anti-SEB  antibodies  in  serum  induced  by  the  same 
peroral  administration  route  (Table  5).  These  results  further  demonstrate  that 
peroral  SEB  administration  can  efficiently  activate  the  local  immune  response. 


Role  of  Intravenous  SEB  Administration  on  the  Induction  of  Intestinal  Response 

Mice  immunized  with  one  or  two  10  ^g  doses  of  SEB,  did  not  develop 
any  intestinal  immunity  since  no  immunoglobulin  synthesis  could  be  detected  in  the 
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supernatants  of  cultured  intestinal  fragments.  However,  after  the  administration  of 
the  third  SEB  dose,  specific  anti-SEB  antibodies  could  he  me;  sured.  However,  the 
increase  was  limited  only  to  the  IgA  class  and  statistical  calculation  did  not  give  a 
significant  result  (data  not  shown). 

Combination  of  Two  Administration  Routes  on  the  Induction  of  Intestinal  Immune 
Response 


In  the  first  experiment,  mice  were  immunized  with  SEB  by  the 
intraperitoneal  route  in  association  with  Freund’s  complete  adjuvant,  followed  after 
14  days  by  a  second  dose  of  SEB  administered  orally.  In  the  second  experiment,  the 
order  of  routes  was  reversed.  The  intestinal  immune  response  was  followed,  as  in 
previous  experiments,  by  the  synthesis  of  specific  anti-SEB  antibodies  by  "in  vitro " 
cultured  intestinal  fragments. 

The  results  presented  in  Tables  6  and  7  showed  that  the  sequence  of 
routes  for  SEB  administration  was  important.  A  much  higher  intestinal  immune 
response  was  observed  when  first  SEB  was  given  to  animals  by  parenteral  route 
followed  by  peroral  route. 

DISCUSSION 

Enterotoxins  can  induce  food  poisoning,  an  illness  of  short  duration  with 
severe  symptoms.  In  spite  of  the  severity  of  the  disease,  immunization  against  SEB 
is  not  recommended  since  no  absolute  proof  exist  that  anti-SEB  antibodies  can 
protect  people. 

This  type  of  investigation  is  compromised  by  a  lack  of  a  suitable  animal 
model  for  information  on  the  role  of  intestinal  immunity  to  SEs.  In  general,  it  was 
observed  that  under  the  experimental  conditions  we  used,  SEB  acts  on  the  local 
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immune  response  similar  to  that  observed  with  other  antigens  such  as  different 
proteins  or  toxins  (Mestecky,  1987).  Mice  immunized  by  the  parenteral  route 
developed  high  titers  of  antibodies  in  serum,  especially  of  the  IgG  class  (with  the 
IgGa,  subclass  being  preferencially  induced  (Table  1).  These  animals  ah’.'  developed 
some  intestinal  immunity  as  observed  in  intestinal  fragment  cultured  from 
parenterally  immunized  animals  (Table  3).  However,  any  quantity  of 
immunoglobulins  produced  must  be  less  than  the  1  ng  level  since  these  could  not  be 
determined  by  quantitative  radial  immunodiffusion  technique  (sensitivity  1-3  fig 
immunoglobulin/mL).  When  compared  by  ELISA  method  (sensitivity  5-10  ng 
immunoglobulin/mL),  parenterally  immunized  animals  showed  an  apparent  increase 
in  local  synthesis  for  all  classes,  the  IgA  class  being  statistically  significant.  As 
expected,  since  IgA  class  is  the  major  immunoglobulin  related  to  intestinal  immunity. 

On  the  other  hand,  peroral  immunization  induced  a  significant  increase 
in  all  classes  of  immunoglobulins.  Once  again  the  IgA  class  showed  by  far  the  higher 
increase  (Table  4).  Peroral  SEB  administration  can  also,  to  a  limited  extent,  induce 
the  appearance  of  specific  anti-SEB  antibodies  in  serum  (Table  2).  This  can,  in  part, 
explain  the  presence  of  anti-SEB  antibodies  in  human  serum  which  might  have  been 
induced  by  ingestion  of  food  contaminated  with  SEs  over  a  life  time  period 
(Notermans  et.  al.,  1983). 

It  has  been  shown  that  rabbits,  primed  with  Shigella  organisms 
intragastrically,  displayed  a  marked  increase  in  specific  antibody  production  in 
isolated  intestinal  loops  after  subsequent  oral  administation  of  these  bacteria  (i.e.  a 
memory  response)  (Keren  et.  al.,  1982;  Keren  et.  al.,  1985).  On  the  other  hand,  a 
parental  priming  was  necessary  before  obtaining  a  secondary  response  with  oral 
administered  antigen  (Pierce  and  Gowans,  1975).  With  cholera  antigen  preparations 
(toxin  0  sub-unit)  Svennerholm  et.  al.,  (1982)  have  shown  that  administration  of 
antigen  either  orally  or  intramuscularly  can  induce  IgA  antitoxin  response  in 
intestinal  secretions.  That  systemic  presentation  of  cholera  toxin  can  stimulate 
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intestinal  immunity  (Svennerholm  .et  ah,  1978)  is  shown  in  our  own  results  where 
administration  of  SEB  intraperitoneally  in  mice  can  induce  a  specific  IgA  response 
in  supernatants  of  cultured  intestinal  fragaments  (Table  7).  Similar  to  our  findings, 
Svennerholm  et.  al.,  (1982),  have  reported  that  antitoxin  response  in  serum  did  not 
last  as  long  as  the  intestinal  antitoxin  response  seen  after  oral  immunization  (Table 
5). 


When  the  efficacy  of  SEB  administration  routes  were  compared,  we 
observed  that  a  first  parenteral  and  a  second  peroral  administration  was  most 
suitable  for  induction  of  a  high  intestinal  immune  response  (Table  6).  These  results 
are  comparable  with  experiments  in  rats  immunized  with  cholera  toxin  (Pierce,  1984). 

Our  results  suggest  that  enterotoxins  induced  a  marked  local  intestinal 
immune  response  which  along  with  other  mouse  physiological  properties  can  explain 
the  resistance  of  this  species  to  SEs.  In  the  absence  of  a  reliable  animal  model,  all 
extrapolation  to  human  intestinal  immunity  to  SEB  remain  speculative  as  is  the 
physiopathology  of  SEs,  but  our  results  are  encouraging. 

The  development  for  a  human  vaccine  against  SE  is  still  distant.  For 
obvious  reasons  peroral  vaccination  can  not  be  done  in  humans  with  native  toxins. 
However,  in  our  opinion  much  more  research  has  to  be  done,  focussed  perhaps,  on: 

a.  Identification  of  the  toxic  site  of  SE  molecules  either  by  the  use  of 
synthetic  peptides  or  by  alteration  of  genes  of  SEB  producing  S. 
aureus  strains,  in  order  to  sequentially  reduce  the  size  of  the 
molecule,  thus  delimiting  the  toxic  site;  and 

b.  Identification  of  possible  receptors  for  SEB  at  the  intestinal  level. 
Although  no  receptors  for  SE  were  found  on  Henle  407  embryonic 
human  intestinal  epithelial  cell  line  (Buxser  et.  al.,  1981)  the  work  of 
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Reck  et.  al.,  (1988)  with  anti-idiotypic  antibodies  to  SEB  implies  the 
existence  of  receptors  for  SEB  on  the  intestinal  membrane.  If  the 
binding  site  of  SEB  on  intestinal  membrane  is  different  from  the 
toxic  site,  then  it  might  be  possible  to  block  those  receptors  with 
synthesized  peptides  corresponding  to  the  binding  region. 

In  conclusion,  although  considerable  efforts  have  been  made  by  others 
to  understand  the  physiopathology  of  SEB,  and  although  very  little  information  is 
available  on  the  mode  of  cellular  site  of  toxin  action  in  the  gastrointestinal  tract,  our 
results  are  encouraging  in  that  our  experimental  conditions  enhanced  the  intestinal 
IgA  response  in  mice,  and  may  lead  to  enhanced  immunity  against  SEs  for  humans. 
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TABLE  2 

ELISA  RECIPROCAL  TITERS*  OF  SERUM  SAMPLES  OF  MICE 
ORALLY  IMMUNIZED  WITH  SEB 


Antibody  Isotype 

Relative  Antibody  Quantities 

Control 

SEB  Immunized** 

IgG 

0.82  ±1.02 

3.20  ±1.03** 

IgA 

0.04+1.10 

1.65  ±1.58 

IgM 

0.88+0.85 

2.00  ±1.33 

*  mean  and  standard  deviation  of  10  mice/group 

**  results  significant  for  P -<0.001 
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TABLE  3 

ELISA  RECIPROCAL  TITERS*  OF  SUPERNATANTS  FROM  "IN  VITRO" 
CULTURED  INTESTINAL  FRAGMENTS  OF  MICE  PARENTALLY 

IMMUNIZED  WITH  SEB 


Antibody  Isotype 

Relative  Antibody  Quantities 

Control 

SEB  Immunized** 

IgG 

0.92  ±0.65 

1.30  ±0.62 

IgA 

1.05  ±0.45 

2.42  ±0.47** 

IgM 

0.93  ±0.72 

1.55  ±0.85 

*  mean  and  standard  deviation 

**  results  significant  for  P^O.OOl 
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ELISA  RECIPROCAL  TITERS*  OF  SUPERNATANTS  FR( 

CULTURED  INTESTINAL  FRAGMENTS  OF  MICE  IMMUNIZED 

PERORAL  WITH  SEB 


Antibody  Isotype 

Relative  Antibody  Quantities 

Control 

SEB  Immunized** 

IgG 

0.94  ±1.10 

4.20  ±1.75 

IgA 

0.85  ±1.11 

8.00±3.26 

IgM 

1.10±0.96 

2.20±1.86 

*  mean  and  standard  deviation 
**  results  significant  for  P -<0.001 
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TABLE  6 


ELISA  RECIPROCAL  TITERS*  OF  SUPERNATANTS  FROM  "IN  VITRO" 
CULTURED  INTESTINAL  FRAGMENTS  OF  MICE  IMMUNIZED  WITH  SEB 
INTRAPERITONEALLY  FOLLOWED  BY  A  PERORAL  BOOST 


Antibody  Type 


Relative  Antibody  Quantities 


Control 


SEB  Immunized* 


IgG 

1.10±0.96 

3.75  +  1.80“ 

IgA 

1.40  ±0.85 

11.75  ±2.88“ 

IgM 

0.94+0.92 

1.62  ±1.05 

mean  and  standard  deviation 
results  significant  for  P0-<0.001 


_ 
I  An 


Antibody  Type 


Relative  Antibody  Quantities 


Control 

Immunized' 

IgG 

0.95  ±0.87 

2.80  ±1.72“ 

IgA 

1.15  ±1.05 

7.86  ±2.88“ 

IgM 

1.00±1.00 

1.75±  1. 10 

*  mean  and  standard  deviation 
**  results  significant  for  P -<0.001 


UNCLASSIFIED 


19 


REFERENCES 

1.  Avena,  R.M.  and  Bergdoll,  M.S.,  "Purification  and  some  physicochemical  properties 
of  enterotoxin  C  from  Staphylococcus  aureus  strain  361",  Biochemistry,  6,  pp.  1474- 
1480,  1967. 

2.  Bayliss,  M.,  "Studies  on  the  mechanism  of  vomiting  produced  by  staphylococcal 
enterotoxins",  J.  Exp.  Med.,  72,  pp.  669-689,  1940. 

3.  Bergdoll,  M.S.,  et  al.  "Identification  of  enterotoxin  E",  Infect.  Immun.,  4,  pp.  593-595, 
1971. 

4.  Beery,  J.T.,  et  al.  "Effect  of  staphylococcal  enterotoxin  A  on  the  rat  gastrointestinal 
tract",  Infect.  Immun,  44,  pp.  234-240,  1984. 

5.  Borja,  C.R.  and  Bergdoll,  M.S.,  "Purification  and  partial  characterization  of  enterotoxin 
C  produced  by  Staphylococcus  strain  137",  Biochemistry,  6,  pp.  1467-1473,  1967. 

6.  Buxses,  S.,  Bonventre,  P.F.  and  Archer,  D.G.,  "Specific  receptor  binding  of 
staphylococcal  enterotoxins  by  murine  splenic  lymphoc/tes".  Infect.  Immun.,  33,  pp. 
827-833,  1981. 

7.  Casman,  E.P.,  et  al.  "Identification  of  a  fourth  staphylococcal  enterotoxin,  enterotoxin 
D",  J.  Bacteriol.,  94,  pp.  1875-1882,  1967. 

8.  Casman,  E.P.,  Bergdoll,  M.S.  and  Robinson,  J.,  "Designation  of  staphylococcal 
enterotoxins",  J.  Bacteriol.,  85,  pp.  715-716,  1963. 

9.  Keren,  D.F.,  et  al.  "Direct  demonstration  in  intestinal  secretions  of  an  IgA  memory 
response  to  orally  administered  Shigella  flexncri  antigem",  J.  Immunol.,  128  pp.  475- 
479,  1982. 

10.  Keren,  D.F.,  et  al.  "Effect  of  antigen  form  on  local  immunoglobulin  A  memory 
response  of  intestinal  secretion  on  Shigella  flexneri,  Infect.  Immun.,  47  pp.  123-128, 
1985. 

11.  Kocandrle,  V.,  Houttiun,  E.  and  Prohaska,  J.V.,  "Acute  hemodynamic  and 
gastrointestinal  changes  produced  by  staphylococcal  e:  otoxins  and  enterotoxins  in 
dogs",  J.  Surg.  Res.,  6,  pp.  50-57,  1966. 

12.  Mancini,  G.,  Carbonara,  A.D.  and  Heremans,  J.F.,  "Immunochemical  quantitation  of 
antigens  by  single  radial  immunodiffussion",  Immunocht  m.,  2,  pp.  235-254,  1965. 


SM  13' K) 


UNCLASSIFIED 


20 


UNCLASSIFIED 


13.  Mestecky,  J.  "The  common  mucosal  immune  system  and  current  strategies  for 
induction  of  immune  responses  in  exteinal  secretions",  J.  Clin.  Microbiol.,  7,  pp.  265- 
276,  1987. 

14.  Notermans,  S.,  et  al.  "Serum  antibodies  to  enterotoxins  produced  by  Staphylococcus 
aureus  with  special  reference  to  enterotoxin  F  and  toxic  shock  syndrome",  J.  Clin. 
Microbiol.,  18,  pp.  1055-1060,  1983. 

15.  Pierce,  N.F.,  "Induction  of  optimal  mucosal  antibody  responses:  Effects  of  age, 
immunization  routes,  and  dosing  schedule  in  rats",  Infect.  Immun.,  43,  pp.  341-346, 
1984. 

16.  Pierce,  N.F.  and  Gowans,  J.L.,  "Cellular  kinetics  of  the  intestinal  immune  response  to 
cholera  toxoid  in  rats",  J.  Exp.  Med.,  142,  pp.  1550-1563,  1985. 

17.  Reck,  B.,  et  al.  "Protection  against  the  staphylococcal  enterotoxin-induced  intestinal 
disorder  in  the  monkey  by  anti-idiotypic  antibodies",  Proc.  Natl.  Acad.  Sci.,  85,  pp. 
3170-3174,  1988. 

18.  Reiser,  R.F.,  et  al.  "Identification,  purification  and  some  physicochemical  properties 
of  staphylococcal  enterotoxin  C3,  Infect.  Immun.,  45,  pp.  625-630,  1984. 

19.  Svennerholm,  A.M.,  Lange,  S.  and  Holmgren,  J.,  "Correlation  between  intestinal 
synthesis  of  specific  immunoglobulin  A  and  protection  against  experimental  cholera 
in  mice",  Infect.  Immun.,  21,  pp.  1-6,  1978. 

20.  Svennerholm,  A.M.  and  Holmgren,  J.,  'The  intestinal  responses  after  immunisation 
with  Cholera  B  subunit",  Lancet,  1,  pp.  305-308,  1982. 

21.  Taylor,  S.L.,  et  al.  "Emetic  action  of  staphylococcal  enterotoxin  A  on  weanling  pigs”, 
Infect.  Immun., 36,  pp.  1263-1266,  1982. 

22.  Tijssen,  P.,  "Practice  and  theory  of  enzyme  immunoassays".  Laboratory  techniques  in 
biochemistry  and  molecular  biology  Vol.  5:  Eds:  R.H.  Biordon  and  P.H.  van 
Knippenberg,  Elsevier. 


SM  1390 


UNCLASSIFIED 


SSCURITV  CLASSIFICATION  of  form 
ftugnest  classification  af  rm«.  Abstract.  Keywords) 


DOCUMENT  CONTROL  DATA 

Sttwiiy  (Uaaifioatiea  ai  tula.  Mr  N  Ninad  M  Mt>«|  wwaiatioa  am  ba  mwm  «m  M  awwail  nmmi  is  ilMtillM 


1.  ORIGINATOR  (me  ran*  and  Mdrtu  af  the  or  sanitation  preparing  A*  document  2.  SECURITY  CLASSIFICATION 

Organisations  far  wham  Bis  document  was  prtpsrtd  Ag.  Establishment  sponsoring  (overall  security  dassificatiea  a  1  die  Oecumeni 

a  contractor's  retan,  or  asaing  agency.  art  entered  in  section  U  including  special  warning  tarns  il  applicants) 


Defence  Research  Establishment  Suftield 


UNCLASSIFIED 


3-  TITLE  (the  complete  document  title  as  indicated  on  the  title  page.  Its  classilicatiaa  should  be  indicates  by  the  appropriate 
abbreviation  (S.cjl  or  ID  in  parentheses  alter  the  title.) 

Staphylococcal  Enterotoxin:  Role  of  Intestinal  Immunity  in  Enter. >toxin  B 
Intoxication 


4.  AUTHORS  last  name,  first  name,  middle  initial.  II  military,  shew  rank,  if.  Oat.  Mai.  John  L) 

Bhatti,  A. R.  and  Micusan,  V.V. 


S.  DATE  OF  PUBLICATION  (month  and  year  af  publication  af 
document) 

February  1 99^* 


6a  NO.  OF  PAGTrS  (total  6b.  NO.  OF  REPS  (total  cited  » 
cantaimng  tafcrmatiaa.  Include  dacuHnwl 
Annexes.  Appendices.  etc) 


6.  DESCRIPTIVE  NOTES  (the  category  of  the  document.  e.g.  technical  resort,  technics  one  or  memorandum.  If  appropriate,  enter  the  type  tf 
report  e.g.  interim,  progress,  summery,  annual  or  final  Give  die  inclusive  dates  when  a  specific  reporting  period  is  cavaretU 

Suffield  Memorandum 


8.  SPONSORING  ACTIVITY  (the  name  af  die  department  project  office  or 
address.) 


span  soring  the  research  and 


9a  PROJECT  OR  GRANT  NO.  (il  appropriate,  the  applicable  research  9b.  CONTRACT  NO.  tf  appropriate,  the  applicable 
and  development  project  or  grant  number  under  which  the  document  which  the  document  was  written) 
was  written.  Flute  specify  whether  project  or  grant) 


10a  ORIGINATOR'S  DOCUMENT  NUMBER  (the  official  document 
number  by  which  me  document  is  identified  by  the  originating 
activity.  This  number  must  be  unique  to  this  document) 


10b.  OTHER  DOCJMBdT  NOS.  (Any  other  numbers  which 
be  assigned  this  document  either  by  the  originator  or  by  1 
sponsor) 


SM  1390 


1 1.  DOCUMENT  AVAILABILITY  (my  limitations  on  further  dissemination  of  the  document  other  than  thase  imposed  by  stcurity  classification) 
( X )  Unlimited  distribution 

(  )  Distribution  limited  to  defence  departments  and  defence  contractors;  further  distribution  only  as  approved 

(  )  Distribution  limited  to  defence  departments  and  Canadian  defence  contractors:  further  distribution  only  as  approved 

(  )  Distribution  limited  to  government  departments  and  agencies;  further  distribution  only  as  approved 

(  I  Distribution  limited  te  defence  departments;  further  distribution  only  as  approved 

(  )  Other  (please  specify): 


12.  DOCUMENT  ANNOUNCEMENT  (my  limitation  te  the  bibliographic  announcement  of  bus  document  This  will  normally  correspond  to 
the  Oocumem  Avaiiebiity  (11L  However,  where  funner  distribution  (beyond  the  audience  specified  in  11)  is  pessibit.  a  wider 
announcement  audience  may  be  selected.) 


SSCUhlTY  CLASSIFICATION  OF  FOAM 


_ UNCLASSIFIED 

acutiTY  classification  or  form 


13.  ABSTRACT  (  «  brief  and  factual  mammy  of  the  document  h  may  aba  appear  elstwher.  m  the  body  of  tht  aeeument  itsall.  h  is  highly 
*»«  ftd  Aiwact  *f  classified  documents  he  unclassified.  Each  paragraph  af  the  Attract  shah  wnh  aa  mdtesbee  af  the 
security  rfamficstMa  si  the  wfamatioa  m  fts  paragraph  (unless  the  dec— aw  itself  is  unclassiliedl  represented  as  (9.  O.  M.  *r  U. 
h  is  net  necessary  ts  include  Iters  Attracts  in  heft  affical  languages  «d*ss  At  teat  is  kftnguad. 


To  investigate  the  role  of  intestinal  immunity  in 
staphylococcal  enterotoxins  intoxication.  We  have  chosen  the  mouse 
as  experimental  model,  which  although  resistent  to  enterotoxins, 
has  a  certain  advantage  by  not  having  an  emetic  mechanism,  thus  no 
loss  in  peroral  administered  enterotoxin  takes  place.  Parenteral 
administration  of  enterotoxins  induced  a  high  titer  of  specific 
antibodies  in  serum,  mainly  of  IgG  and  IgG2a  subclasses.  Peroral 
administration  of  enterotoxin  elicited  a  good  response  at  the 
intestinal  level  as  showed  by  specific  anti-enterotoxin  antibodies 
in  the  supernatants  of  "in  vitro"  cultured  intestinal  fragments  and 
the  synthesized  immunoglobulin  was  IgA.  When  different  routes  and 
combinations  of  them  were  studied  it  was  observed  that  a  parenteral 
followed  by  peroral  administration  of  enterotoxin  induced  the 
higher  intestinal  immune  response.  Secretion  of  specific  anti- 
enterotoxin  antibodies  by  intestinal  immune  system  also  lasted 
longer  compared  to  the  presence  of  antibodies  in  serum  of  perorally 
by  immunized  animals. 


14.  KEYWORDS.  DESCRIPTORS  Of  IDENTIFIERS  (technically  munmgfal  Arms  or  short  phrases  Aot  eharaettrua  a  document  and  could  be 
helpful  in  cataloguing  the  document  They  should  be  selected  so  that  na  tacurrty  classification  is  required.  Identifiers,  such  os  equipment 
model  designation,  trade  name,  miliary  promt  code  name,  geographic  lacauon  may  also  be  included.  If  possible  keywords  should  be  selected 
from  a  published  thesaurus.  c.g.  Thesaurus  af  Engineering  and  Scientific  Terms  (TEST)  and  that  thesaurus -identifiad.  If  it  is  not  possible  to 
select  indexing  terms  which  are  Unclassified,  the  classification  of  each  Should  bo  mdicsted  A  with  Ao  title! 


Staphyloc occus  aureus 
Enterotoj in  B 


IgA 


Immunity 


UNCLASSIFIED 


eemmiTY  ctAS<irir*Tmw  n»  mat* 


